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ABSTRACT 


A signal emdttienlng system has bem designed te 
extmet the Pmt&l Eleeteae&edlagem {earn tki 4U«<tUctKi4i 
signal available {am the. expe&tamt me then's a bdmm * The 
pnebltas anlslng out e{ the apeoledtettg e{ the. signal $ the 
fttiiijut «| lntea{enlm§ maternal eemptexes end the aeeam* 
panging melee has Been salved by using Ul matehed {Me*, 
deteetlan til J maternal eemplex blanking by pealed smpUmg 
and (lilt digital s Ignat enk&meememt. 


, . y^M oMaJtMg signal pne-eantfltlanlng eye tern Ineaapaaatlng 

\ V CswJPW U ptAiocs 

tlj md |U) mewUemd abeve hoe bed n smees&{mity {abnlmted 

and tested mltk a simulated Input signal. The mmplete design 

y * 

e{ the digital mh mee me n t system has else been g teem* v 



Chapter - 1 

msmmscsms 


Scientists and medical researchers have triad to develop 
techniques and device® with which medical diagnoses tee he anede 
even before m individual * s birth. Siiiee the heart is the most 
important organ of a hena body, it is logical that attention 
should be focused ©a the foetal heart. The best technique of 
studying the foetal heart condition is to observe its 

iiitlfi'n iritltl ilffenf tfBiiiiillliii i 1 " ™*- -esnie ^aa. sieMhJfflt M m*. 

•4^i&rpc#wro ws # 

The foetal lleotvo Card!© Oram (nca) is am eleetrieal 
signal, assooiated with the beating of the embryonic heart, whi«sh 
earn bo editaiaed normally by applying a pair of electrodes to the 
abdomen of a pregnant woman daring the last < months of pnegnnney* 
The characteristics (presence of the signal # rate , iswashape t 
dynamic bebairionrl of this foetal heart signal are immense ly 
eeefnl to an ebstretislao. This eaa help him to tabs the major - j 
decision aboat the oaeseriaa operation car give valuable information [ 
about the foetal life in oases of oarly threatened abortion* la 
n labour seem enees of prolonged labour , foetal distress , 
plaeeetel e om pll eat l oa a or breesh presentation ©an he cleared 
footer* h medical researoher might also find it nsefni for 
studying the efioete of various dregs* ned ioa tioae or peyohole- 
stimuli em tPH* foetus. 

^pdPiniPlIPWP iigpisfueiji 'leu "peiu)|W'i ■ W 



Itofortunately t ha BCG's recorded fro® the 
abdominal nail, contain a «®tk foetal signal # a relatively 
strong asternal heart signal and considerable noise • 
Occasionally ~ that foetal signal to solas ratio is so poor 
that even ths presence of the foetal signal cannot he 
* established fro® aareful visual analysis of a recorded 
signal. The situation is particularly had .during labour when 
. snsoular activity adds acre noise or during early pregnancy 
then the foetal heart signal is each weaker* Many schemes 
for enhancing the quality of foetal signals available to the 
diagnostician have been tried* Only recently , however , through 
the use' of coherent averaging techniques * has an i mprovemen t 
la the. quality of foetal signal sufficient for observation of 
its true nature (without the obscuring noise} been achieved* 

The main, a is of the work presented in this thesis is 
to achieve a significant improvement in the nsfood of detection 
of tho foetal complexes. Once the complexes are accurately 
detected ’ the presently available weighted averaging schemes 
can give an n near perfect enhaneeaent. ^ this should leaf to 
a mere precise prenatal diagnosis of the foetal heart 

iflitm [ifnini liftrit if 

^rWW W I- TPr & 

' the second chapter foals with foe basics of £ 08 , a 
detailed study of foe signal that we get, foe desired eetptt 



and various wtthods to achieve tfa* mm» T ! m design of 
Analog Detection Syntssi is given In Chapter 1 and the 
Digital Signal Bal*aa®«®at Systeai is considered in the 
tmxth Chapter. daiptew 5 and € deal with the aetnal 
cirewib descriptions of these two wits, respectively, 
finally, we briefly discuss the signal simulation and 
storage fttar testing) in Chapter 7. 



Chapter - 2 

pbdbum spbcxpichtxcs jyn> jubuukszs 

■ . Bstor© considering tha Natalis of fete WECG ate tits 
enhancement aathoda * lot a« note m few r«l«vut palate abate 
m scg in general. 

2*1 cm smcrwocMmmGMm 

electrical potentials exist across tte amloplaf 
membran es of living cells and aaaf calls hav® tte ability to 
propagate a ohanga in tteaa potentials. Hew® * muscle ate 
gland oalls exhibit ptenoMnon. when s«aeh a tell raspotes 
to a atimolue t tte saemtoraa© potential ©xhlklte a ©arias of 
reversible change® which ara eallte tte Action Potentials, 
tte muscle tells forming tte teart*s paaping ©tenter s go 
throngii their contraction ate relaxation ©polo , which 
sasalts In tte ©irnalatien of blood* ftesa ©alls caapote 
to a nontiMons etianlns gaaaratte by tte pacemaher nod® - 
tte sinoatrial nods. This stimulus not only goas through 
wall daf Inad nenral paths to tte teart ©alls hut also 
propagates away from tte teart t throngs* tte body tlsswss 
ate may te dst noted by using a pair of alaatrodaa attached to 
tea shin anywharo oa tte body* Electrocardiogram is tea plot 
differential voltage tetwaea two sate electrodes* . 

Iter diagnosis of teart namdtt inm by swapari, so a tel 
BCG* a tea sdontteda positions h#w tesn standardised* fba 



tight aaide Is always oon iw o tad to the system ground and - 
the differential voltage between tha two of tha particular 
aina positions (six on tha ohast , and on® each on tha 
right a« , tha laft am and tha laft aakla) Is tafcen. fha 
waveform of a normal jesting BOO differs from position to 
position* fha mafon for cm® fan period in VI position 
is shown in Vigors 2.1. this waveform is pnrtionlarly 
shorn because the maternal end foetal BCG's in the 
abdominal signal have a similar shape, this waveform is 
eomonly referred to as a eomplax. A oonplax is divided into 
five portions and labelled as F , Q , K , 8 and T. la a 
com pl e x . po refers to atrial aotivitv its to at>*> 
oompresslen of the vantriolas and ST to tha relaxation* fha 
iao*elaetrle interval between 7 of one oonplax and tha P of 

^Mk iPWKfe WUtljIS triUstl fell® bMi Dip09il o£ %|Ml 

jscstl off %l t # of vbxMmm 

p&WUiM&M &£ M $ % jjHdbc ly p h&l&WWM % |m 

jy oa^joo of % fm » wmHIoc" fwjt lt . a 

•<1111 limit jffiiiwi mm 1.11H1 n.Tiii l . l m iiiiffli JB M esMkjaiiihi 41 'Sena % eaG® 4 ( soda 4 at ne^ismll nidbsndl dPsnswne 4 hHnan tmmtlfecttS an an. da 

all tha nine standard positions (VI to V« # AVI , AVR f AW| * 

2 #31 W W j &t 8 3BBBK& 

An PRC® Is tha BCG with the electrodes placed an 
^hf i ahdanan of a pragnant *« aftar about 12th to 2#th 
weak (pet uadsaidadj of gestation. Again tha greond 
a lact r o d a la plaoad an the right ankle* Positions of tha 




Figure 2.1: THE ECG COMPLEX 




Figure 2.2: A TYPICAL ABDOMINAL SIGNAL 



two signal oleotmdes have also bean standardised fl) . h© t 
ms consider the most «sno midline electrode position „ 

She signal thus Obtained will be given by 
aft) » rft) fmft) ♦ fft) + aft) 1 

where « 

aft) • t Abdominal signal - 
mft) i Component from the maternal heart 
' l(t) - » Foetal heart eoetribmtion 

aft) t Additive noise component * mainly mwit noise 
termed as electronyogram ♦ BM interference .♦ 
system noise 

rft) - t Mmltiplioative noise component * mainly dee 
to breathing feonsists of low frequencies 
mpto s as). 

{impending mpo® the orientation of the foetms inside idle 
stems 9 the polarity of foetal a peak (complex) may be 
same or opposite as that of the maternal a peak (complex) . 

A Sketeh of a typical a bdom in al signal (with similar polarities) 

Ml MWIM 3A ITiypnm 

as study the signal in three domains as follows t 
a) amplitude fsomaln « For detaetioa % we am interested in 
peak levels, fbns any good quality elaotroda wtU give ltd pV 
Or above of m a mmal signal and 20 ax above of ammo* 



19ui f octal signal 1*9*1 will depend wary natch ©a the period - 
of gestation fl| • la early pcepaney it is around lQpV , 
it increases to «0 ~ 70 iiW daring 17th to 22t»d weeks it 
drops down daring the 30th weak and daring tens it reaches to 
appro x imat el y 100 pV. 

b) freqaeaey Domain- f The beating rate of a hanan heart 
floctaatas on both long and short term basis. It has a 
pseudo-period ic natare # the degree of the f ln s t aattorie 
differing fro® tee subject to another. the beating rate can 
at the most wary team 40 beats per nlnate (b.p.ia.) to 300 b.p.n. 
(3! • honest rate indicates a complete heart block* however , 
la m# ii% ®f %ft% mmm % b# f § tt % #i ry iffl2 . mft® will ft® 9© bp® 

'ft® 12® ftp® and ftt%& CaaftaX iafta will iwury feaftwiiii® 26© bp® ft® 

2S9 bp® 2s y ®n tf |i fMS. dmr2fif£ Xabcwup) * 

ym wij©i ft® €ocftn®#ft a signal firon n®2 aa f 2fta 
f r sqm moy 2a ®f pel®® 2iftpo&ftan0&* Jft ftypteal ftoaftal 

sifa«l |t| a 2 c4 Si aftuftwftwit® ®pft® 

22 Its # mh ^i aofc&b 1® aapX2ftnda apft® 42 Si# pasajr dhsHKltor of II 
novo ' is nas 2 aMa 3^5 bo ft® 4 © Si feut ftli# fftaftas 1^4 

29 US ft® 29 m 990 90 ftAllt* m&f BOGS S2fp9aX Will ft®ft9lly 
lie betw e en 0*1 9S to 100 Ks. 

o) The Vine Bosnia « In a ccmplax of an adult 906 at aecnal 
beat sente of 7® to to bp® , the 90 deration is 109 to 12® as# 

UNO stretches to stoat If® to It® ns and the ®V deration is 



approximately 300 ms. Thm various tins® durations for a 
foetal complex are mot, as well established. toe WAT amnia 
of a foetal wwtpless are attenuated So® to a filtering affect of 
the tisane separating the foetus fat the skin of tho 
watonsal a M m», to® OHS ^taxation is usually around SO as 
and tha total complex ©ooopies approximately ICO as. As 
reported by Lasts and tori® Cl} tho base width of tho It wav® 
varies from SC as to 40 a® with the period of gestation 
(20 «s«ki to tom}. 

2.3 y gc ntJixc* pcNHSiiKLii* schemes 

A cardiologist aoald IDeo to torn oa Oi-UCMB last rami nt 
giving a clean foetal ®0S on a strip chart reoorder , jest like 

1M mmmmM m%am% Wmm «HMA lllwillfl xSwJiiM&ll 9M13RV Wm y&mMJmmw 

Hooping this in mind wo now examine tho possible 
eolations. to have to deal with a signal which Is poondo- 
periodic and la totally sahmerged in noioo moot of too tinea, 
to make too natters worse , toe signal is aimed «p with another 

— xait. llMDiif jhfl §M gfn nl jyyt OmbX%w ~ tte 

Jlw spP toPtoW' vSPFtodi 'WEB waWnoto fgy 1 rpp lit •nanr i p^tonnwmop?tov^ 'w*or umiwi ipr <tosmiwto' ""Mwu 1 ppw" wmwve uv'en'iis own ■wssn, ) |p^ gp *“ w W 

fregaoooy spectra of toe noise and the signal asm c o n si d erably 
overlapping. Us® only asabie pcoparty toe signal ham is that 
tot o aa plo maa will have songhly the same shape , provided the 
pmtlomt romoiiis steady, to want to got * id of too overriding 
noioo OR toe complexes without distorting tooir shape, this 


3.0 

Is ta utmost aacwsslti' sines all tbs information that is 
sought after Is contained in the waveshape of the complexes. 

She only way to accomplish this is the eohsreat time averaging 
of thus complexes. Coherent tine averaging of a repetitive 
real-time signal eonsists in storing samples of the signal 
in a memory and then adding (with particular weightagesj the 
value of the corresponding samples , which are equidistant in 
time from a particular reference* This reference point m»st 
he in the moot prominent part of the signal. As more and 
more complexes are included in the average , noise , being 
random in nature , will slowly get cancelled ©at and the averaged 
complex will appear more and more clean. The extent to which ; 

the signal to noise mtio gets enhanced by this procsss will 
mainly depend apon the coherence of averaging, i.e. the j 

accuracy In time with which the reference point on each complex 
is detected. Tims for perfect coherence w® need perfect detec- 
tion of cash and every complex* fhns , the pro blem cemsists of 
t mo distinct parts, cam of Deference Point Detection and the 
o ther of nahaneenent. 

Enhanoement of the complex can he demo either by digital 
technique c* hy analog techniqaa. As the signal e* mm intnrest 
has gnt a very law repetltintt rate, the enhancement etH involve 

hundreds Of milliseconds ©f delays. Clearly, if ws go the 

analog may , it will he hard to implenent each large delays ns 

■ ' ' '■ , ' t ■ 1 ' ' . ■ ■ ' ' ; ^ 1 



w»l% as the daisy® will oattit a sarious frequency distortion 
of the signal * Therefore , we resort to the digital method , 
where delaying of a signal is not mtseh of a problem and 
frequency distortion is minimum. 

Let as now look into the problem of Reference Point 
Detection. In any ECf» complex # the part that clearly stands 
oat is its R ware, the peak point of the R wave is thae the 
evident choice for the reference point. In detecting the 
complexes we nest pick ap only those complexes that are not 
engulfed by a maternal complex. The Maternal SOS is a strong 
slgnil and it cannot be disregarded as' noise, is the fOetal 
heat rate is asaally doable t he maternal beat rate 9 we expect 
to cet oait® a number of sach foetal cow nlaxe s for a faster 

For this detection we can make ase of the prefwa&ios 
of the signal in cnputcoa , frequency or etna suaia. we 
Hf ffy consider thorn one by one. 

If wo atilise the amplltade domain properties of the 
signal , the echeme tarns oat to bo pretty simple. The vastly 
different peek locale of tho m waves of matoraal and foetal . 
complexes arc censed by two threshold comparators and < the 
and! started foetal c o mplex es are picked oat by mesne of 
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P**k no iso level and ©an thus bm reliably defeated with a 
threshold cwwsparator. But the necessity of the foetal 1 waves 
also going above the peak level of the noise imposes a serious 
restriction on the period (of gestation) in which this scheme 
oan be used. In order to separate the foetal k peaks free 
noise peaks it is required that the foetal signal to noise 
ratio be above 1.5. Thus we drop the threshold detection 
scheme* 


we oan sake use of the approximate periodicity of 
BC@ signals to the detect the complexes with the help of a 
phase locked loop. Since we have two periodic signals 
mixed up we have to use two separate PUL*® to look with them. 

If the composite signal is fad to the foetal PUL directly, 
we oan never siponl. it to look to the foetal signal vtneo the 
Mat e rn al signal is so strong aa ^ the maternal tbs foetal 
signal frequency spectra are totally overlapping • la the case 
of t**e — PUL g wo eee easily separate the peak 'portiotta 

jj M H. J P mmA MmML. aHiw. .an, H SI | 0^0^0000.01 SSOlfc^fl OS OSiSe tyk t jMyWijp en« d dh*fie jfrti lili n y f 

Of IM ORRMHEWUl 11 HHd fSsMHEI 1 BO JLOC91C mH Wmmm 

ipfgg signal osm thee be ******** e e p of to produce matern al windows 

iff r fl it jfll ^ ^ igQtiiiWIItM life) nfflli fllffilili ijtyjl iflM iifffti mttt fTli Tlftt") ft iffttflr rfflhi tjtifflhtfft IfOTi ^^m du***)*** w an , 

WM W 1IWI OWUI mmm ififf niwlflftl ©CwpjJw# IMI 

signal oan new no applied to tne soetai ne. not too moot 
wnfortuaate pert of this blanking procoss is that it iworlodf 
** *»■ ** ■■ ■ ■ at least one foetal in three. results 

in making the festal signal strongly apsriodio i r r esp e ct ive of 
whether it is originally periodic or not* It would he rosy 
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difficult or even impossible to mmk® a PM lock to such a 
signal, There arc coma minor (relatively) difficraltiaa also, 
like both tlia PM$*m should ba in a locked condition slsndtane* 
oualy. This is especially hard to achieve during labour whan 
both the maternal and foetal beat rates fluctuate tremen- 
dously and that too in very short intervals of time# If 
theso 'fluctuations lead to multiple harmonic looking of the 
maternal PM then some of the maternal complexes will he let 
Into the foetal P£L and the system will never work. lastly, 
the variations in the phase error of the foetal PM will 
drastically affect the coherence of averaging and hence the 
quality and spaed of etaesMiit. alternatively , one can 
think cf the fixed-delay time domain autocorrelation technique 
fer the detection • But here again , similar time domain 
prop e r t ies of the two complexes force us to blank the 
maternal signal , the resultant aperiodic ity of the foetal 
signal making the fixed-delay autocorrelation impossible to 
use* Therefor® since asternal blanking is u ywoidabto use cf 
my scheme which banks on the periodic nature of the signal 
is not advisable* m want to extract a signal Item noise, 
a ssuming that the signal is aperiodic* thus we axe left with 
the only %*«— domai n property of the signal* which distinguishes 
It from melee# that is the waveshape of the complexes* Thus, 
we logically t mm to a special axteoorxhlntlcn - that 

is the astehad Filtering, we disease this in greeter detail 
i* etafe next section* 



*•4 THE M&TCHSSU FILTER 

A matched filter is a special kind of filter which is 
Matched to a particular wvuf or® , m that # when such a wave** 
fora appears at its input with noise it gives a significant 
improvement in tlm signal to noise ratio* In other words , 
it gives an indication at the output in the fora of a 
detect pulse having a large peak amplitude in comparison to 
noise , whenever the waveform to which it is matched # appears 
at the input. The matching condition requires that the 
impulse response of the matched filter should he the time 
Inverse of the waveform to which it is matched. Mow the 
rsalisability conditions of a filter force us to put a delay 
in this matching. This daisy appears as the delay between 
the waveform appearing at the input of .the filter end the 
detect pulse appearing at the output. This detection delay 
is the property ef the filter , since it is related te its 
impulse response and is independent ef the frequency domain 
p r op e rt ies of the signal. Thus the matched filter respeuds 
to the waveform irr esp e c tive of its repetition rate , provided 
that the output' pulse generated by one. waveform settles to 
almost sere value before the next waveform a pp e ars * {then 
related to our torus # the matched filter will not operate 
beyond a beet' ante ef did bpn* 'This is almost double tbe 
mmimm p oeoiblo boo ting rate of a heart*! 

' T his mat ched filter t echn i q ue is sort of a 9 flaisd 
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signal is correlated is "stored* inside the matched filter* 

Hot sooner that part Scalar wmfom appears at the iapot the 
matched filter presents ns with an Indication which is mum 
to bm picked «p, 

Thus after the antamal blanking we apply the signal 
to the Hatched filter and its ontpnt is threshold detected 
and then peak detected to get the starker fox enhancement. The 
detection delay can be easily compensated by a shift register 
of appropriate length one® the signal is digitised. 1 natehed 
filter can thus solve oar detection problem. 

i .f TSBK SBhOTAIiAii bfaiHEBSCE 

As far as the ge e e r at iom of maternal blanking windows 
is concerned, we do not have the noise rejection problem, hence 

At-Wffh gfttfc, w ^ttUfc^ neieiiiL «ts»* sM ante M md im Whsurijt"V| 40*4** iilMI n'fflr srtrtTTi rtfirl g aot «*■ An - AB W^MBSSr ^sat osmo wL JmeA oWnL. ..mems 

WWI ©yi^pliar wUu® Usff FH&iHIP {SwJrJ ^WMirMmAMI Oy 

%|m JJ i yiifff jb0 ttMV& tj| flM M I ^HBaO fe &OQ , yf. %ft & |NHf JLod 

same*. .sis. JWI rlftiiiijiiiMiHiiiii niiitiiri nilni eirliii idirrt dmjfaaim JL* sa illhlfciftrlii mirtui MMOkSHL db.lMMii sMh tI ifflli mfriii Am Ji asufim nmil m.im&w l to^iah 

VWWEKM m© fnQflw mil® WiiKMd wJL««KJy^p w*«pOTiWi IHPHJ # 

going this method we corn reliably blank each and every maternal 
complex g although at *sww i eh# maternal period ' f leotnates 9 

tha width of do Wading window might become a hit sore than 

ito dhatvh gm MMiii hdi.'fcW #ii» in % t l# 

AM*,, ...d^..^,~nMin*.. iwtiili^llfiiiii -ato. •tfniiitii Jttk" 1 , 

flft : '■ 
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■ ■ • Chapter -3 . 

, DK8XGM Of* TBS &S31&0O DBTBCTI® SCHEME • . 

. Aft or deciding ©a the detection seliaia® la the previous 
chapter , w@ can now dae±d® on the various blocks that aura 
a — d ad for processing the signal, the block diagram is shown 
in figure 3.1. first we will briefly consider the required 
blocks and then disease about the specifications of each 
block. 


■tiM&Nlkmu. Jr Mfaafa^ ^ tiVirifift \Mkk Jsk am .Jfll A Jfcji? ^ .jean Jr .mMfedMt, Hi te . tittkjftiiB-'OM tucn _anw * si tk JbB Fdlifcdtthdtti 

mi input 19 a aixxereneiax signal. aavxag a res 
■loro-vol te of peak amplitude at an iapedanoe level of several 
baadxed kilo-chats. So tbs front end of the unit win be a 
high- gain high-iapat-lnpedanoe OXFFSEEHCl MBnUDPXBR baring a 

Jfc M iJBP Jtt ^ at- i- Afc ,jw «,<». ' am*, <*.,*«- J5fo ' ask jdltw idMk- mL.Mm Jfc ***. .JBt lyjiei/fBi lira JL SM^teL tn SBI# .crthfiOMOfcJiin; Aft Jk dBBfc 

Ift&SSlHraMImMyl IttfNR AMI At ilttfli iSWM 0mpTC* EmXm CMnj)M» U 

fed to tbe MATEMAL ooNnnsoft to get the maternal spado©** 
nixing poises* These pulses and the signal are given to tbe 
Maternal Blanking eircait. The output of this nammuk 
BLAMKING CIHCOIT is amplified if regained and than applied to 
th* MATCHED FH«nu ' Depending Open tbe polarity of tbe feotal 
* peak* either tbe oatpat of the notched filter aa sacb or 
Its inverted version is fed to tbe mmm M m fHUC omOEOft* 
» indicate # jwt tbe preaence of tbe foetal signal $mt not 
tbe .beat rataf we .now feed tbs detect pulses (oatpat of tbe 
peak detector) to’ drive a M get bohim Dim for visaal 
indication # and a mmxm for audio indication . This in 










I« 


sometimes valuable in the ' sense that it gives audible evidence 
to the expectant mothers that her pregnancy is continuing 
satis factor ily , especially ia case of patients who have 
coffered in their previous pregnancy* 

the detect pulse and the 7BCG signal after maternal 
blanking win thus form the outputs of our analog unit* these 
signals will be required for the digital signal enhancement. 

US' will now discuss the requirements of each block « 

3.1 w* mwfwmmx sm 

will consider its specifications step by step, 
fa) the differential gain t with reference to data in Sea. 3. 2 (a) 
wa usually get a maternal m peak level of 0.1 nr with good 
silver electrodes and an electrolyte piste to reduce the skin 
resistance. Since the maternal i peak has the highest amplitude 
in cur signal it should reach the peak at the output f or 
optima use of the dynamic range of the amplifier. If we use 
♦ It volts as the pov supplies , we should have a gain of 
!•# ds to get a ft peak of 10 volts at the output* fts the input 
e.tge*3 l ev e l will diff or fmon one subject to a nother we — 1 |tl 
keep the gain variable around 10®. 

<j| a&MMMidb' diiawaiiwmkdleKiHieCttwn wnc SMti Iffnmi-rmtiiiinitiifi 'auuia.,,'. 1 .*.,' 

%m§. Warn wmgmm f Wmm Wm#m mMJgmBUL J M HmN ©y 

poten t ial . yMEietfcam oa akin Which are picked up by metal 

i t f contact with the akin. gate oaaitaot bus to bo ' ■ 
aa parsecs as psssiuniur so u wa v use jat peaaf i c e *eve& or use sagaa e 
is Sow. 'Ska eotof . sheets ba a good c o n d ucto r of electricity 



with sttffkisBt area . Osmlly silver electrodes are used so 
that the loss of eoa-teet: das to rust lag is avoided, so hair 
should cose la foots#®** feba electrode and the skim, la 
electrolyte fast® is rSbboi mi to the skin and thaa the 
electrode is teiet on It with a rubber strap. The electrolyte 
goes iatso the pores of the skia which increases its conduct!- 
wifcy and also aakea a homogeneous aontaot with the electrode* 
The elaotrolyte should b® of a type that is suited to the 

With all these jssoautioas om® is afola to reduce the 
electrode resists*®® tee a few hundreds of kilo-ohas* The 
input impedance of the uapUfier should therefore foe of the 
order of 10 aegohae or ease# la eiiitioo to this# the 
amplifier haw site gate Iso have a low output lapedaaco and a 
high CM8R. 

<c) The paas band * We tery to radaoe the aoiae aa each as 
possible foy keeping • niaJw pessfosad. The low frespeaoy 
breathing noise geos opt® i WB while fuadasentsl freqeeecls* 
of maternal aad foetal signals are greater thaa 1 m 
(Kef. Sec. t*th|. ' t* das high fsogeseey side, Wt* •*•***•■ 
of the H08 sgsigaal extsasds up to 100 as. 1 r e a so ea bl o 

«* the pass toad is tehsa 1 * '*•# ■»* *»« 

sotoff is saagiasHy sfrws a s to sad h the tsaSsasy of ocsillatios 

of the high gala aagdiflss. 



3*2 mmmii emmmmR 


lh our signal the nataml R peaks mould go beyond 
10 volts (unless clipped due t© saturation) while the foetal 
1 peaks and the noise would be in the range of 3 to 4 volts 
at the most. (Electrode positions oan be adjusted to get 
thl* sitoatioa if repaired.) the clipping level should be 
•m®! that the MBP'« be vide enough mo that mfoiamm expansion 
is required to generate the MBIT* a. At the same tine the level 
should not be so low that any thing, other than maternal X peaks 
will be sensed, thus w® keep the comparison level around 6 volts 
adjustable with a trimmer. The comparator should have enough 
hysterisis so that Idle overriding noise , if any , cm the maternal 
* peaks may not produce multiple synchronising pulses. 


3.3 9BB mmmma k wtMsmsjsm cxmwct 

the function of this schema is to expand every MSP 
on both the sides so that the significant part of the maternal 


co m p lex , mainly @RS , can be blanked. Usually ,llf sections 


p n Hfi tliiit ndJL %ti wr oyff lu 0$ 

• t a& ftfiil flMf gj^pudi ftQ ft gf 

fttffli U 1 AoTOmia^ tthftft ft 1# ftgjjuaffifcljup $ ft% ft € ip®J|ffc 

comparator level ms mill get ax’* around 60 to St aw wide, 
the G*S duration (Ref. See.2.2c) is 100 to ISO mm ■ wide* So 
%ym tout * 9 eiusSld he at least 304 ms wide synmetrl c axeund M8X*e.* 



Occasionally we might be required to blank the T «ne alee. 

Thus am independent adjustment of the leading edge aad the 
trailing edge of Mil's is desired. This oiroait most have 
some form of memory as it needs to anticipate the position 
of tha MSP* a in order to form the leading edge of the Hut's. 

Figure 3.2 shows the scheme in fall detail. Ha store 
the information of one period and ass it to anticipate the 
position of the next pals®. For this we need to conve r t tine 
to voltage with a linear sweep. 9m voltage *v 'ana be sampled 
with the help of MSP and held till the next MSP comes. is 
one sach sample. With the help of two comparators (% a Cjj, 
two attenuators (x & y> and an OR gate we can generate the 
HSU. x will control the leading edge and y , the trailing 
edge. He include tha MSP in tha inputs of the OR gate as a , 

precaution, the discharge pulse M8PD should be just enough i 

i 

wide so that the oapaoitor C is discharged from the maximum 

I 

value of *v* to sero volts. Else it may affeet the linearity j 

of time to voltage conversion. She values of x and y remaining j 
fixed, tha width of HBH wHl increase linearly with tha imareaen 
in tha period, the duty cycle of the hlanhed FBO® signal 
t tff ' imirnw constant. Thus we set the MBIT width to the minimum , 
required velum and whan the maternal period attains its 
maximum veins (120 hpm, 0.5 sse.). This will guarantee tha 
blan king of each and awery matarnal complex. 



Blk.EECG 

Figure 3.2: THE MATERNAL BLANKING SCHEME. 
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3.4 THE MATCHED FILTER 

The theory of watched filters Is quite well known. 

However f the relevant portions of the same are sasnarleed 
la Appendix Al. 

Much of the tedium of filter design has been elisalna- 
ted by the excellent work of several contributors who have 
tabulated element values , pole locations , polynomial 
coefficients and other pertinent design data for several 
conventional types of filters. Henderson and Kants have 
published f7J transient responses for sons of the standard 
types of filters , plotted on the XM €50 conpater. Since we 
are searching for a filter having a spedifi® lapulsa response 
it would be worthwhile to have a look into these plots* 

If we^ start searching fear a filter having an lagnlse 
response resembling TSHQP (tine inverse of POT) # ve will 
need sunning of two impulse responses («S t RQP) with a delay 
of hundreds of nilliseooad®. This is undoebtably a tough job. 
Such an euaet watching is not really desired iSiaoe the tine 
durations nod weveehape of the eenpla* are going to vary a 
little hit tan one foetus to another. Zn other words , the 
notched filter should have enough tolerance to enhance a 
narrow band of waveshapes symmetric around its inpnlee response* 
Thus we assume tint a complex essentially consists of only toil 
part IK being the nsot important) and search for a filter 
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having am Isspals® response resembling SQP. Clearly » this is 
a low pass impulse rtspoam. la gaural the R pm&k is a 
symmetric paisa 0 thus looking at the shapes of the first peak 
in the inpslse responses of Batterworth * Chebyshev and Bessel 
filters of first tea orders# we ehoose a 4th order low pass 
filter* She first-peak waveshapes of first three orders 
are tota ll y asymmetric • 

W a want only one cycle of ripple (Q * F) after the 
first peak* Batterworth gives two 9 Chebyshev gives three imp 
more and Bessel gives non®. Batterworth filter mmm to he 
closest to our requirement* Considering the simplicity in 
hardware we select a 4th order Batterworth filter as oar 
Matched filter* Figure U show® the plot of the lupolse 
response and Figure 1*4 , the pole locations of oar Matched 
filter. 

1*4*1 the Break Fregaaaey > 

Bh cast now find the break frequency Bo °* ****•»• 

the lapels® r esp on se plots are noraalised with respect to hoth 
anpli t Mie stw * trine .. Us do not bother about the anplihnfle 
sealing or inpedaoee scaling since we are going to one native 
filters* 

sot g*ft> tad *«,<*> be the impulse responaes of the 
aomalised filter and the tactical filter# respectively, 


# 



t seen 
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Figure 3-3; PLOT OF THE IMPULSE RESPONSE OF THE 4TH 



Figure 3. 4: POLE LOCATIONS OF THE MATCHED 
FILTER* , 



Gala) end <$ 0 (s) be their transfer fUBtlwi , mpaotiwly 
«ai i Q £ha kraal: frequency of tha practical, filter* The 
normalised filter baa a unit angular cutoff frequency and 
unit impedance level, fims ’ 

%M m 8© Sat*© a) 

9©tt) » C*o/*o> 9 a (t/« 0 ) 

Wa will bava to raacala tha time arts by a factor l/w 0 . Since 
* peak la tha moat prominant part of a eoeplat , wa uaa ita 
base width as a matching crltarioa. Referring to Sac* 2.2c 
wa note that the average baa® width of a foetal R peak, 
coasidering tha variation with the period of gestation , is 
34 milliseconds* The first peak base width of the normalised 
filter as measured on the plot (Figure 3*3) is 5*73 secs# 
thus 0 . 

0 © * (» *71/34) a 10 3 - 162*3 rps* 

3*4*2 the Detection Delays 

y im #rt , i iy A is 

between to# fy axis) and the first peak of tha Imptlate response* 
he measured m the plot# it is 3*$ secs* After rescaling 

A • 3*S m ~M ~ • 20 ms* 

♦ ?1 

this Is the uups s t m d delay bmtmm s m .the peek point -of the output 
pulse and the peak point cf the R wave of a foetal complex* 
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As turns! we zmUm this filter with two sscoad order 
fUtars in eaaoade. With reference to Figvrt 3,4, the quality 
factors of the two filters are * 0.6 and Qj * l»2S, 

3.5 CLIPPER AHD PEAK 0ISECIO1 

■ Since the output signal level of the watched filter 
will vary with the foetal signal strength at the inpat, the 
clipping level of the dipper will have to be adjusted 
experimentally. Its function is to dip the base noise and 
peewit only the highest peats in the watched filter ontpet 
to go in for peak detection. She peak detector eixemlt should 
give a pdse (an edge) at every peak It receives, with *1 as. 
as the sawplixtg fate of the A to D conversion will be. around 

2.5 ms. 

t» ' Chap ter S we give the har dwa re de tails of the 
attention Systea* 





Chapter - 4 

DESIQf OF TOE SIGNAL ENHAMCBMEIR SYffiEM 

Broadly , tha digital unit will consist of an A to & 
oonvurtar, a & to A convertor for display and tha Signal 
Enhancement System (8ES) . Ha will first consider the sain 
part, i.e. tha SIS. 

4.1 mzoHSBD MmwiGmG B amm 

Basically tha technique of coherent tine ageraging 
involves tha additive combination of repeated samples of 
tha signal ixa such a way that tha true signal reinfocoas 
Itsalf whila tha noise tends to causal oat* la ordar to 
obtain oohaxma t tha samples snot ha taken with tha same 
time ralatloaship to tha signal * haginning just before tha 
portion of tha signal *d*ioh is to ha enhanced. tha detect 
paisa trim tha analog unit will indioata tha peak point of 
tha ft was® with a delay A. this will ha our marker pulse 
for tha averaging operation • 

fftft tha waightad averaging sahaaa a variable weighting 
saucer xs oexxnau# pgsnHanwN oy «s® sjuooa ix* sau a asw 
averaee a* la a as ro eaei of lit-ll/it times tha old a va ra aa A 
p y .« m » iy|| time tha curran t asaplad value so eg true ' 
signal S* 



Symbolically, 

A* - (H-l/HjA * 8*/M (4,11 

Bwmjmi , if we denote the inermmnt la the average by BA , we have 
A 

«* * A* -A » (S*-A)/H (4.2) 

Comparison of «p>. (4.1) and (4,2) show that it la More 
convenient as veil as computationally accurate to calculate 
A* by first determining SA fro® eqn.(4,2) and then adding it 
to A # rather than to ase eqn. (4.1) directly, because two 
multiplications are thereby replaced by one division by a 
constant is. 

' ' fie signal present after n complexes have .been 
included in the average may be shows to be ft) 

*. - sfl - 11 - l/n)“l (4.1) 

wherein the tree signal 8 is assemed constant through oat the 
a completes, fhe noise present along with the complexes will 
add only in as sense and after n complexes , it wUl become (81 

^ - « ll-u- VW , *l/(»-l|» W (1.4) 

It Us mlmm uiMid I 

As a ♦ •# the signal %0 llPdiJN® iriitfeici 1 wmy lb# 

J .tfkk ,aniik 48. %, 'if ij Y'dlllt 

MJm ePjP ' 4®!' , 

V»U - »■-»*•* (s/» («.» 

jlffpw .* •■'f, - 
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Rgn. (4,9) that with a largest v&Iymi of K va get better 

improvauent in the sigaal-to-aots® rati®. Bat the assumption 
that the signal remains constant daring the infinite ageraging 
interval is not totally correct. Significant transient changes 
in the shape of the foetal couple* do appear free tine to tine , 
and persist for 20 to 30 successive eonplexes, once they appear. 
For diagnostic purposes there is a need to shoe these transient 
changes in the foetal waveform t as well as to provide signal - to — 
m>ise enhancement. Tbs®, M should not he so large that the 
short term changes in the- foetal complex are ssbdsed. By 
adjusting the weighting factor , however , the near can obtain 
a variable trade off between B/M improvement and dynamic response. 

m choose the value of M ia powers of two as it 
simplifies the divider hardware. According to Rhyne |i| a 
m m i a mm valne of IS! U 1 ) is ssff iciest for enhancement. Bence 
we take M from 2 to 251. 

Whs* we seed two mem o ry blocks to store the bid average 

HHH M'ttm fUMf ^ pjtus BM BX & M §J 8 W&MM jfflip t 1 W§ 

¥ 

jffjR 4fl|| % wusm *1! 18 aRfcatitetttaflhJI djfe.% man am & **** ifcAj. ft mtiiliak. arnfamijiB ill ■ihmih 

'W wlhWl WMI IWKSTMyi wlwMiililw ^ Him m&m 

har dwere is g* » ^** l mg s is most for oohirtit av e ra ging . 

Obviously, the two msmorv blocks will be formeil hv two static 

mmmMm Wm§mMWmmm % mmmBB iMPfi tMw§ wi MMrarjr P*yyiw 

Register (MSB) for the average and the Sample Shift Register <SSR) 




Figure 4.1: BLOCK DIAGRAM OF THE DIGITAL UNIT 
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for the sample. How we can easily compensate the detection 
delay of the matched fitter by putting a Delay Register (DR) of 
appropriate length before the SSR. The A to D converter will 
degitize the maternal blanked FECG signal , once a sample pulse 
triggers it. 


normally when no new sample (complex is detected _ the 
signal gets spilled out of the SSR. Thus every sample pulse 
triggers a clock gate generator which in turn gates-in a 
clock burst corresponding to a word shift to SSR and DR. A 
Detect Pulse (DP) indicates that half the complex has entered 
SSR. Every detect pulse starts a counter in the asynchronous 
logic generator , which counts the sample pulses till the full 
complex is let into SSR , then opens the arithmetic gate so that 
the clock bursts are let into AU and MSR for a full 'complex 
duration'. With a little delay (explained later) it also lets 
the D to A output to be connected to the strip chart recorder. 
Thus for every undisturbed (unblanked) complex at the input , 
we get a newly averaged complex at the output. Full block 
diagram of the digital unit is shown in Figure 4.1. 


4.2 SPECIFICATIONS OF THE DIGITAL UNIT 

We now discuss some important factors concerned with 
the digital unit. 


4.2,1 The Sampling Rate v 

The spectral analysis of FECG complexes gives the Nyquist 
rate as 90 samples per second. We take a sampling rate of 2 to 3 




which la mall above the minimum requlremsnt. Variation In 
the sampling rate la required for accurate adjustment of the 
analog detection delay in the digital unit. 

4.2.2 She Heard Sire of MSR» SSR and DR*. 

He want to compensate a delay of approximately 2® ms. 
Shna me take a DR of i words so that a sampling rate of 2.5 ms 
mill give «® the required delay. Ttm SSR and HSR should be 
• long enough to contain 160 me ©osaplewas . Shns me take SSR 
and HSR of 64 words (available main*) ®o that the requirement 
is satisfied at a sampling rate of 2.5 ms. A little tr laming 
of the sampling rat® (mhioh mill be don® at the start! mill 
not ser iou sl y affast the* time content* of SSR and msr. 

4.2.3 Humber of Sits per Hard* 

Since • bits/word mill give sufficient accuracy for a , 
pea recorded output aadSbitAtoDandDtoAare available 
commonly * me cbooae a word else of ® bits during conversion. 

But af ter that t to prevent the loss of accuracy due to round 
off arms in the arithmetic unit, we add • am low order hits 
(as mariasm value of M Is 254!* mis mill aake the total word 
due tTp i r 1 to 24 bits for the sbs a® a whole.' thie figure ie 
also good ffy*— the point of view of hardware, the need of 
adding lew eu r de** bits is explained below* 

With refrnnoe to eqn.<4.2) ,we observe that if the 
waaed elan 'If .hsagdi’ eu • bite than h 132 did •* will *12 have' 



t bits/word. As explained in Chapter € vm will implement 
the division by simple shifting , the number of shifts bo lag 
•goal to logoff* Thus for M • 256 we will have to shift 
9 times* and h«noe 4A will always b® *aro. Than no enhance- 
ment will be possible. this of course is am extras* case , 
bat for lower values of ft there will be a loss of aoouraoy 
which will introduce a dead sen® into th® calculation of 6A. 
Banco wa add the iowar order hits to each word after A to D 

CPOKiWWKWMIli a 

4.2.4 The Clock Bste« 

As explained earlier and in Chapter 6 , ws need 
It clock pulses plus A to D conversion tine after every 
sample pulse. The minim value of sampling rate is 2 ms* 

A to D conversion time is .say at th® most 49 ps (1 clock period) 
then 49*12* « 2090* where T is la ps. We take a clock fre- 
gmeaey of '2$ 10®* which ..la well above the minimu m limit. 

4.2.5 Arithmetic® 

Be n eed addition , subtraction and division la our kb. 

Ws use 2*s complement code , which simplifies (la terms of 
hardware) the above mentioned operation*. 2* a word, the 
lowest significant bit will be at the front while sign bit 
will come at th* last. 

. the hardware detail!* off the digital*, Uhii is dsult ; 
with, in CfcUP*** •« 



Chapter ~ S 

AiiMtOG iwrr - smuts mrniLs 


la this chapter wm will briefly describe tl te warioos 
circuits which have hmm used to implement the system designed 

5.1 IBS VflCG DXFFEREBCE ANPLXPXKR 

This fBCO unit is stppostd to extract & waveshape 
that is sobs narked in noise* Batarally t if the signal is to be 
amplified anywhere daring the processing f the amplification 
shoold be perfectly linear. Emm we nse op.amps. wherever 
the signal level is to be boosted op. 


figure 5.1 shows the entire pre-amplifier circuit that 
has been used* Since the differential amplifier made oat of 

•H IppelB^p# 

separate beffers on two lines. Also f a differential amplifier 
will never be able to give the nagnitode of input impedance we 
desire te have* 


A voltage follower is a simplest buffer. Bet , with a 
feUeeer , the bias eerreat of the noninverting terminal will 
be dream from the electrodes, this will drastically redone 
the d.e. inpot of the eireeit. thus we mse a beet* 

strapped bnffer uni eenp&e the electrodes eapeoitively. The . 
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diviika of the output before positive feedback ensures t he 
stability of the buffer* Thus the effective input impedance 
will be 

+ op*ewp. // %/U-M 

where is the gale free aoaiavertlng input to the divider 
point* for the values shown. Ay. • 0*35 and henee R^/tl-Ay) - 28 I® 
Ha beep R| ** X] (X| » divider equivalent resistor) for bias 
current compensation • The observed input impedance was more 
than 12 M Q* Benee C h * 0.22 u* will ensure that the high pass 
break point ia less than 1 is* The three 100 pf capacitors 
at the input aupcess ' the oscillations while 106 KB resistors 
swamp the vnriations in the electrode resistance to setae extant* 

The main function of the differential amplifier is t© 
give e good CURE. Thus we do not extract a large gain out of 
it* The gain wiU be distributed in last three stages as 
1®, 100 and 100, gain of the last stage win be kept variable 
{panel control). The 1 uf coupling capacitor© preveafc the 
d.e* drift fresa getting amplified and also out the breathing 
neima below 1 us. The Sow pass filtering ia the 6th stag© is 
again msaat for suptessing the oscillations. This eiroait 
hm split into two PCS*© .... ©ne with high '*i and 1*** gain 
(Figure 3.1a) and the other with low % {relatively) and high 
gain* fftf *p ia to p r e v en t the ©scillatieiie due to jjMWilmfty 
at the edge c o n n e ctor * 
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(b) PCB NO. 20/75 (PA2) 
Figure 5 *1 THE DIFFERENCE AMPLIFIER 
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Figure 5.2: MATERNAL COMPARATOR 
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3.2 comparator 

We mm m op.aap. Schmitt trigger to get an independent 
control over the hysteresis and the trigger level. With the 
twines in Figure 5.2 9 we get a hysteresis of around 4.8 volts. 
This should p reve n t the generation of nultiple paisas due to 
noise overriding the asternal R peak, the 22 nf eapaeitor 
at -the input filters the noise spikes to so®® extent. The 
10 102 trianer ©am vary the trigger level over fall range of 
12 volts, normally , it will he adjusted to around 47 volts. 

$ .3 MhfSSWhlt tUUM KX l f CI 

Figaro 5.3 shoes the entire eireait for hlanking of 
the aatemal oorapleaes. & transistor pals® stretcher gives 
a delayed MSP of around 10 a® vide ’ as required. The value of 
C is ehosea as a c ot ap roa d .se between the loading of the 
cppaoiter and its leakage resistant. It should also give a ' 
reasonable valne of eorreat farooad 1 ah in oor case! for the 
enrren t eon te e . the base resistance of the holding transistor 
(across the diode 'and the eapaeitor! is pnrpocaly kept high t 
m as to mm t only tha required mmmt of current. * gate of 
♦13 unto to volts Is provided for the Pdf svf hShe# In the 
ssasapl® and hold* the 1 t»F capacitor in the sample and hold Is 
large enough to held the charge is* s ss ss ad sad snail enough . 
f e a r the ap.anp. he Sharge it vrithia 40 to 80 as* the tar 
108 m tfffwhtn wiU vary tha positions of the l e ading and 
edges ef tha maternal blanking window. 
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The Is set to the required width tte Mm maternal period 
is at Its nlninm (0,5 see.) • The width increases by 20 to 25t 
oa the asternal period reaches its axtsa mine (1 seo.). 

» M imuwMllw ■!> tejtuti*. imrUi all. rir» trim «irn ii'inim inm ivn 

•a THE MATCHED FUfflR 

He seed two second order low pass filters with Q*s 
of 0.1 and 1.2S* He use the vcys ooafiferatioa which is 
generally used for low q filters. 

For a TCVS low pass filter with identical resistors 

•fill 

0 • 1/(1-*) or K * 2 - 1/0 
Hanes % * 0.1 „ *x ■ i * 2s> 

% * l*tS # *2 * *•* * i 

« 0 * 1(2 rpe as ealrnilatad is Chapter 3. 
rn i/m * l«t rps* 
let € - 0.1 pF 

then l*ll«8 ! 

rn use tm op.anp. fear the WW as it Ms a better step response 
(when properly ©ogapeasated) than 241. The eoapaasatiea ©»®d 
is iter fain * 1, i.s. , 1.5 SKi and S nr at the input and ltd pF 

CV WM 

Wi^mm 9 #4 9towiHi %1 mi iiawfeiosi * Vtai 

«M Me* *ta** ri»u«* to «» «p~«»a wta *•■*■*■• | 



Figure 5.4s THE HATCHED FILTER 




43 


with a 13 volt paisa of 3*5 ns Sweat ion. vtm filtar 
«Im«i tested with a simulated foatal signal gave detection 
<^ilay of lf.f aa and a signal to noiso ratio im pr ovement of 
noze than 10*. 

5*3 clip* m mm ms Bswsfos 

After the matched filter am op.aap. invertor with a 
bypass switeh la provided, the necessity of which is explained 
in the last chapter (S is ©pea for positive foetal M peaks). 

Am gala eleaeat earn give a gala fron 1 to 11 so that the 
peak detector «»» he prov i ded with pests of anplihndss ssfa 
treater than the diode forward voltage, the op. amp, clipper 
aersdlts onlv the nosahivs p eaks to mass throttoh with am 

Inversion. fhas tbs base line noise tis not allowed to | 

|, 

jJB iitinffthi JL, ^ nitrii im ri ffnidi ff i- fWh mb# Jfl| iifigitnn ijlhii ifUTi iTOiti I m afhS! ysn 

MAm^WW&WM WiMm Wmm protE CMWwElOR m 

[; 

the feaetioa of the peak detaetor is to the exset 

instant at which a positive peak ©soars, la the oirooit shown j 

s 

in fig are ».* the op.aap. eonpazator deteots the instant at j 

which the died* B| stipe sondastlaf and By etarte asndsstiwgr . 
the eonparater oatpat is then inverted and differentiated to 
tiva a aharp peeittvs palse. fhis oatpat is farther gated 
throog h * aunt gate having as its control inpat tha eatpat [ 

ef the slipper shaped by a cascade of two transistor inverters # 

to order to eat eat the diode switchings at the other instants. 

; . '■ ' . ■ ■ ■ . ; ■' i 




2x1 OOK 





*he 1W pF and 4T0 pF ©apaeitors ogress the oscillations 
«a4 hence the gaaeratim of multiple d«t«et poises # when Oj, and 
&2 are both ools of ©ondaotJnn. The bolding capacitor is dis- 
charged after a SO ms delay which la moh greater than the 
maxima possible width of the inpat peak (20 ms) and much 
smaller than the sdniam foetal period of 250 mm (240 bp), 

S.f hmio-vtmm* indicators 

Vhe detect poises (up) thus generated are ased to 
drive e USD and a speaker. Figure l.l depicts the driver 
eiroiiit, h poised carreat of 15 mh and 100 mb is provided to 
the MS© and the speaker, respectively* 





Chapter - 6 

bicitaj. tout - samshm® b®tah»s 

*ti* chapter will Seal with the detailed design of the 
digital unit. The entire circuit is split into sin parts. We 
will consider then one by one along with the logic naps. 

6.1 THE A-D CONVERTER AND THE INPUT CIRCUITS 

As shown in Figure 6.1 ’ the FECG input (with asternal 
blanking) frost the analog unit is sampled and held for digit!* 
nation at every sample pulse* The sample pulse is stretched 
for more than two clock periods (>80 ps) . This stretched 
pulse is given to ths synchronised single pulse generator 
(S8P0) 0 which is n e e d ed to oo rir c lc t c ths cl o ck pulse g ene r a tor 
end the sample pulse generator. The output (%) of the MM 9 
is used es the A to D conversion delay (minimum) * The whole 
system Is reset (ewluding the Asynohrcnons logic generator) 
with a sharp reset pulse % generated by a monostable which 
senses the negative edge of The pulse t A is then Mayed 
by eee elect peried with the help ©fa® flip-flop to get the 
pnlee which Is awd to shift the A to D output (• hits 
including sips hit in i f s complement (on) into the Register A 
(parallel shifting). She time relations of these pelsee mm 
shewn In fftge*ed.I. S§r% is ths parallel shift «)Mk for 
Register A. , for register A we use the pe rs li nl In * serial out 




















8 bit shift register 8M74144 . sight low-order nzot are to 
be added to the word now la register A before starting serial 
shift of the data frost register & into DR, “Shis is acoonpli- 
Shed as follows. The d output of the 4 bit word counter 
(shown in Figure 4.2) remains sero for the first half of the 
16 -pulse elect burst (CP ? ) and henee the staple AND gating 
shown in Figaro 4.1 enters 8 seres into DR daring this interval 
The serial shift is inhibited for register A daring this 
interval by giving it CFj.D as the serial alack, The register 
DR is 14 x 8 * 128 bits long so we as® the 5M8I1M # deal 44 bit 
MD8 statist shift register* for DR. For register MR# whloh 1® 
connected in tandem with DR ,we need S@ x 14 • 89® bit® *' so we 
nee 4 chip® of WS$1«1# the dual It® bit HOS static shift 
register. If available , it would be better to a®e National 
B— f conductor * « rnsmn, MO® Ml chip > 1®24 bit static shift 
register regniring the sane power supplies !♦** and -12*1 t m 
built-in i phase deck generator and dock drivers, * little 
& t * §oG0Ut changes will then be needed in the asynchronous logic , 
generator. The serial output of the SSR either spill. out or 
goes to m whenever a new cenplex l# detected. 

«,a the mmmsmam warn mwmTim 

Tin rel ated logic circuits are given in Figure 4*2 and 
the plots In Figure 4*8. the pulse % is used to generate 
the leading edge of the 14 -bit-long dock gate with the help 
of a m flip-flop* The clock bwrst C *2 geiwmted by using 




tlii* clock gat® 1® than fad to the cooat input of the 4 bit 
blaasy counter (word coaster) in a single chip (887453) * The 
last state of this counter (fjj) is decoded by appropriate 
gates which is then msad to reset the clock gate* is 
the delayed version of T B , necked for rseonplecaenting in M$ 
and is the delayed version of fjj $ needed for the o atpet 
aaaple and hold. ^ is also needed for reoenpiesumting 
in kp • 


4.3 TMH5 ARXTBMBTXC 08 X* 

this wait has to perform the operation given by 
eqn.(4.2). for Mm subtraction (8*-h) , tba M8R oatpet (h) 


is GGoplsmantad by a flip-flop-m-OS oircait and than added 
to the 88k outpat (8*) by a gated fall adder chip 887480 in 
oonjaacticci with a JK flip-flop and a 80* gate. The register 
88k has the sane structure as S8k, described la Sec. 4.1. 

The oircait for the AO is spread on to three tigares t 4.4, 


4.5 aai 4.4. The quantity (8*-h) is then shifted serially 
Into register t tor divioien by 8. Siaoe 8 • 3* {a*l *• 8) 
nn need to do Is to hold back the sign bit (tht lest bit! , 
shift the Magnitude bits to the right n tines , thorn shift 
n bits identical to the sign bit sad finally shift the sign 
bit too. Mo oiH rogaire coo word of tins, nonce the werd 


gaff® iui» 



shifted Into 



f will be ps raUe lly 


MM Into nglrtwr * ««rl»9 *W 


«. the division 
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i'RnL L 














will be performed ©a this word daring the next burst of dock 
ptiees* the sign bit of coarse * is shifted into separate 
flip-flop so that w® can bold it back. The vales of M will 
depend epee which of tie parallel outputs of register V is 
used to tap off the word serially, A one-pole eight-throw 
weight selector switch c an perform this fasc t icn. thas we 
get 4A at the pole point of this switch, He use two chips 
of &I74164 , the S bit serial in-parallel oet shift register 
for register * and four chips of S87493 , the 4 bit parallel 
parallel oet shift register for register V. 

Wean while , the output of MSR 0 h , is delayed by one 
word through register b to conpensata for the division delay, 
the serial output of register B is then add* jj^|| 
of the divider by another fall adder, this fan adder gives 

M? asaa, 9 sMte mnilin Tf M* Jjftaihmmiwm. m * M JjL. mhk 'dUii mm ifrlll mniiin jj Ati MkM ifc** ,**&**«*, iSfe, Wl fflBl fr i ltMb Jffi me* 

mmm M m w&m mmm # 13m^w «1P I# IBP *§ 

this regaires the sansing of the sign bit which thus forces as 

ml,. tf M iL iwwfr j ih |i j 1 ^L fc ■m^. ****. diiaaiMMk^lit 111! Iiufflii l aMimm .ernes -nrnifiik _arix.aijcti 'fife ^ 8 gh U ga k mPtfTYn fitnhiMii i** jgtf*> "m niiliii iiililM^iiiiiHi llbwA 

10 |NH» AM0W|MNr 0KMI vwwM Tw^XWsm& W E!mW&Em wH m&mWm Wmm wmmmmTf 

1 ©op f i,e# return A* to tbs inpat of MSB* tbs paisa *| is 
te sense the sign bit which is than ased to set e latch, if 
si** »4 «w» hit is *0* the l a t c h clears the flip-flop for a d urst 
Of ene word so that the particular word passes throfaglk the 
ocoplenantor to regieter © *e it ie. itll* a *1* sign hit 
prevents the letch fro* clearing the fllp-f lop and the weed 
ie mnaipt matted as usual, to m poise ^ prev e n ts the 
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Figure 6.5(a): THE ADDER ADD C OMP DEMENT OR . 



Figure 6.5(b): FULL ADDER DETAILS. 






ss 


oompXmmntiMf of the sign bit itself, ixxespeotis* of whether 
tlio ®iga bit is *1* or *0*. She output of tbs retonpleaentor 
shifts serially Into register D whose paralle l output* ax* 
connected to tbs 0 to h souse rtor. fhe output of tbs o to i 
ocmvsrtar is implsi only imriag to drive tbs displa y 
dssJUse , s.g. a strip chart recorder* Sines tbs output of t b s 
•asipls sad hold is required only during tho display interval 
** *ss a transistor switch la shunt to gats tbs sans* 

'Em whole arithastio unit gats ths serial shift olook 
cm 2 only during ths arithmetic ia tarsal. cm 3 la a olook pulso 
used for parallsl shifting of the word aeon rsgistsr 9 to sign 

/ 

bit flip-flop sad rsgistsr V, CJ&j has to bs passed through a 
eloekdriver to gsosrats a two phase olook for msr. to use 9 chip® 
of 887491 , ths ssrlal ia-ssrial out shift register for register S 
and one chip sash of 8874144 and 887491 for register P, for 
register D we again use 8874144* 

4.4 MnnKSOMNOMB UOStC 0&9UBKM3MXK$ 

mam ws haws a 50-word Ca spi an * ft is Beteet Bulan (QP) 
indieates that 99 nerds ax* yet to be shift** into 888* ee that 
a foetal ooaplsr is fhlly leaded into it* a sr starts the 
saapl* e oeat a r toish e o e nts the s—pls tolsto* the 94th staple 
pule* opens toe arlt h a etto M *•*• |Pip» , 4*8) * tow * our 
■■aery loop consist s of to seeds » 99 words la Mto and toe soxd . 
onto in the dleiisr to* toe xceewpiaaantor* tosee* display 
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Figure 6.6: THE EEC OMPLEMENT OR , MEMORY LOOP AND OUTPUT 

CIRCUITS. 







ST 


•tarts tee word# later than the start of JUSTS* tee display 
9*^* (DSFT) is thus op©a@d after tbs 2tth poise arrives. Sine® 
all tbs 50 sards in gg® haws to get .late ©cs^ototim aad 
display , these gats paisas sill and only after 77 sample 
ooaats* Tbs TOtli state has therefore to be detected aad used 
to reset all the asynchronous logic Including the sample coontar. 
The poises CTl , CT2 and CTJ are the decoder output® which go 
high daring 2fte # Site and 78th saaple emmt respectively. 

The manual reset triggers a aoaostehle (SR74121) which 
generates <tpolsa and is osed te reset «U the asyachreaoos 
logic whenever desired. The ml is the combined reset poise 
for tee system* tee mesial reset is also used te ©pea a gate 
APffdl (usually it la the first ARTS poise). Referring te 
Figure M f it is dear teat ARSd steps aU tea arithmetic 
end fills tee HSR direetly by tee ©entente of S8R. tees tee 
first eompl es teat is dstsstad can he pet direetly fate 10®, 
in readiness for averaging site tee nest samples* This 
facility ©an alae be esed whenever one desires te Move tee 
eld content s of Mte daring an experiment, m ess HO® latehss 

' ■ 1 ' ^ _ 1 . v , l| \ 1 i ■ 

te generate aU Ifcase eayachremoee logte aa sheen i* 

Ficere 4 .7* 

«* — r*- M» ,<■ —« » « Mr > aMlMna. 

— to **«. *•*>• *t |M* *4* •* 4 m 

•mi tt» p&m *» »*«•■ «*“ M 
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Figure 6.7; ASYNCHRONOUS LOGIC GENERATOR 





